Background and purpose: A review to investigate whether there are effective
| INTRODUCTION
A healthy work environment influences the physical, mental, and socioeconomic behaviours of its employees (Waddell & Burton, 2006) and can promote the well-being of their families and communities. It can also increase productivity and reduce absenteeism or presenteeism (the practice of coming to work with an injury or medical condition) (Johns, 2009; Tehrani, Humpage, Willmott, & Haslam, 2007) . The focus of this review is the workplace, as the place for providing management and treatment for employees who have long-term musculoskeletal disorders (MSDs). The literature uses the terms chronic musculoskeletal conditions, long-term musculoskeletal conditions, and chronic MSDs interchangeable.
MSDs cover a heterogeneous range of health conditions such as low back pain and upper or lower limb injuries, which have a big impact on productivity (Buckley, 2015; Walker-Bone & Linaker, 2016) . Chronic MSDs have an even greater impact on people's lives as they are a source of long-term pain and increase the number of lost working days (Arthritis Research UK, 2014; Arthritis Research UK, 2017; McGee, Bevan, & Quadrello, 2011) . "Long-term MSDs" are those that do not resolve and have a long-term or progressive course (Goodwin & Naylor, 2010) . "Chronic" is defined in this paper as conditions that have lasted for over 3 months. The World Health Organization (WHO, 2002) has highlighted that long-term or chronic conditions require continuous management over many years or decades. The morbidity cost is notable as stretched health care services around the world face further financial pressures due to increasing numbers of people affected by chronic MSDs (MacKenzie & de Melo-Martin, 2015) . In addition, the aging workforce in Europe will mean increasing numbers of these people in the workforce, with implications for health care.
Worldwide, a variety of models and recommendations have been suggested to shift the need for health care and sick leave from the 2 | MAIN TEXT 2.1 | Methods
| Search strategy
This review used methods from traditional systematic review approaches (Cochrane Handbook for Systematic Reviews of Interventions) for the literature search phase and then assessed, analysed, and synthesized the relevant data (Higgins & Green, 2011) . The PICO approach was used to structure the research question (Table 1) and identify the inclusion and exclusion criteria (Stern, Jordan, & McArthur, 2014) . 
| Selection of studies: Eligibility criteria

| Inclusion criteria
The primary criterion was the testing of effectiveness of workplace interventions to manage employees with long-term multijoint conditions and chronic MSDs (12 weeks or more). Participants' age was between 18 and 68 years (common working age range), and both males and females were included. Interventions included strategies or specific activities that were conducted individually or in groups to manage chronic MSDs. The period searched was from 2008 to the present, because scoping searches indicated that earlier studies were of a very low quality (Aas et al., 2009 (Aas et al., , 2011 Hoe, Urquhart, Kelsall, & Sim, 2012) and focused on prevention and return to work rather than management.
| Exclusion criteria
Workplace interventions focusing purely on prevention and returnto-work strategies were not included in this review. This review excluded studies including people with acute MSDs or other serious pathologies (Blangsted, Søgaard, Hansen, Hannerz, & Sjøgaard, 2008) and those that did not aim to compare the effectiveness of the interventions used in the workplace arena. In addition, guidelines, policies, and other recommendations were also excluded. The inclusion and exclusion criteria used in this review are summarized in Table 2 .
| Outcome
The review's outcomes of interest are symptom modification, pain severity, presenteeism, and sickness absence at individual, worksite, and service level, reflecting the International Classification of Functioning, Disability and Health (ICF) focus on function and disability (WHO, 2001) . Some outcomes can be only measured subjectively (e.g., pain or presenteeism); thus, it is important to analyse other outcomes like sickness absence that can be observed objectively.
| Data collection
The titles and abstracts of all identified studies were collected, and duplicates were removed before study selection. Data from the relevant studies were extracted independently by two reviewers; characteristics of studies were collected including study design, country where intervention was implemented, participant details, type of intervention, outcome measures, and results.
| Risk of bias assessment
Many critical appraisal systems and tools are available and can be used to assess the rigour of the design, the strength of the resulting evidence, and the implementation of the identified studies. However, disagreement between researchers is common, because differences in intention, components, construction, and psychometric properties of published critical appraisal tools for research reports have been (Katrak, Bialocerkowski, Massy-Westropp, Kumar, & Grimmer, 2004) . Because there is no "gold standard" critical appraisal tool (Katrak et al., 2004) , a systematic and transparent approach was used to assess both internal and external validity of the studies, identify their relevance to practice, prevent errors, and facilitate judgments ( Figure 1) . A recent review of the grading systems produced by medical specialties (Baker, Young, Potter, & Madan, 2010) highlighted that the Scottish Intercollegiate Guidelines Network (SIGN) can be selected and used for Randomised controlled trials (RCTs) as it is an established and validated tool. The SIGN tool (checklist and an explanation sheet) was selected for this review. The overall assessment of the strength of the evidence within each paper was based on grading criteria of "(+) acceptable," "(++) high quality," "(−) low quality," or "(0) unacceptable or reject". After removing duplicates, 159 references remained (Figure 1 ). The titles and abstracts were reviewed and, when needed, the full-text articles were read. The full text of 29 articles was obtained, but only nine were included in the review, as none of the others met the inclusion and exclusion criteria. Hand searching the reference lists identified nine more studies that were also assessed; however, only three of them were included in the final review. In summary, 12 articles were included in the review and consensus on the final results was achieved by a second researcher (AK) who reviewed and replicated the search strategy identifying the same results.
| Study characteristics
One study was conducted in the United States, eight in Denmark, one in Finland, and two in the Netherlands. All studies followed a randomized or a cluster randomized controlled trial design, and ethical approval was granted from local ethics committees. There were no differences within studies in the baseline characteristics of groups of participants (except in Zebis et al., 2011) . Detailed inclusion and exclusion criteria were outlined to ensure patient safety and homogeneity.
The characteristics of studies for this review are presented in Table 3 . FIGURE 1 Flow chart of study identification, selection, and synthesis 
| Quality appraisal
The quality of evidence for each outcome was assessed using the SIGN tool for the appraisal of RCTs. Seven studies were classified as (++) high quality (>85% of criteria met), and five studies were classified as (+) acceptable. Overall, the studies were of a very good quality, minimizing the risk of bias for the "true" effect of the interventions. Randomization was achieved with either preratification, labelled paper, and selection from an opaque plastic or with random computer-generated numbers. Participants were randomly allocated into clusters with the use of a computer-generated random numbers table, and only one study used a coin toss . All the authors conducted a power analysis identifying the appropriate sample size that would detect a 15% or a 10% change for the selected outcome. However, in one study the drop-out rates reached almost 40% leading to limited interpretation of findings (Hutting et al., 2015) . The primary outcome measures were clearly stated in the studies. Patient outcomes were analysed per the group to which they were originally allocated, but in one study (Jay et al., 2011) , analysis was based solely on participants who completed the trial.
Lastly, statistical analysis was clearly explained, and appropriate values were given in most of the studies in both texts and tables.
Some of the studies only provided results on histograms making it difficult to identify the true values (Blangsted et al., 2008; Lambeek et al., 2010) . Other studies identified more outcomes such as job satisfaction rates and psychological well-being, which are not included in this review. The quality appraisal of the studies is presented in Table 4 .
| Outcome measures
The outcome measures identified and reviewed for this study were The interventions and the outcomes of the studies are presented in Table 5 . Some studies were explicitly interested in the workplace venue: For example, Jakobsen et al. (2015) compared strength training at the workplace with physical exercise at home.
Other studies were looking at the workplace primarily as the venue for a form of intervention such as strength training to be compared with another intervention: For example, Andersen et al. (2012) looked at three different exercise regimes all provided at the workplace but also included a no physical training control group. In this study, between groups comparisons with the control group would have been useful, but these were not available. Because of the nature of the study design, it would be difficult to draw any conclusions about the benefits of the workplace as a venue over any other venues for interventions. A study by the same team evaluated the effect of a strength training intervention at the workplace on non-specific neck and shoulder pain among industrial workers, highlighting a reduction of pain in the intervention group. However, despite randomization, baseline differences between groups were found for pain intensity, which may have affected the outcome of this study. Another study investigated a different strength exercise training programme for the management of chronic musculoskeletal pain at the workplace (Jay et al., 2011) and showed that progressive kettlebell training three times per week can reduce the pain intensity of neck and shoulder (p < 0.02) and the pain intensity of the lower back (p < 0.05). In addition, more studies from Denmark (Blangsted et al., 2008) demonstrated the reduction in intensity (p < 0.0318) and duration of the pain (p < 0.0565) of a resistance training group and an all-around physical exercise group compared with a reference group (general health-promoting activities not including physical activity). However, no significant changes were identified between the different active interventions (e.g., Nordic walking and running and step count).
4.2 | Effect of physical exercise interventions at the workplace compared to other interventions Jakobsen et al. (2015) investigated the effectiveness of a workplace versus a home-based exercise programme for chronic musculoskeletal neck and back pain conditions. The 200 participants were allocated into two groups and were encouraged to perform a strengthening exercise programme (TheraBand and kettlebells) at the workplace for 10 weeks whereas the control group performed physical exercises at their houses following instructions and recommendations from illustrated posters. Although results showed a significant decrease in pain for both groups (p < 0.0001), the workplace chronic MSD group experienced higher reduction of pain The overall effect is due identified between or within the two groups during the 10 weeks of testing. Interestingly, the overall score of the WAI in the ergonomic group got worse after the intervention (p = 0.012), but the authors have challenged this conclusion as the ergonomic programme was based on worksite analysis and a health and safety systems developed by managers rather than health professionals with specific knowledge and training in occupational health. In a different study, a physiotherapist assessed the effect of an ergonomic intervention on pain and sickness absence caused by upper-extremity MSDs (Shiri et al., 2011) . There was a decrease in pain intensity (p < 0.05) in the first 2 weeks but no significant differences at the end of a yearly followup. Unfortunately, this study experienced a lot of dropouts and loss of participants at follow-up, which could have affected the results.
The use of specific health professionals in this study is echoed by Lambeek et al. (2010) that assessed the effectiveness of integrated care with usual care at the workplace for employees with chronic low back pain. All the workplace interventions were provided by health care professionals, such as a clinical occupational physician, a manual therapist, an occupational therapist, and a physiotherapist.
Although pain and functional status improved in both two groups, the integrated care group demonstrated statistically significant improvement (p < 0.001) regarding the functional status.
| DISCUSSION
The current review gathered and synthesized updated evidence from the scientific literature to identify the workplace management strategies for individuals with existing chronic MSDs and investigated their effectiveness. Studies included in this review were assessed for bias and were also rated for their quality. Twelve studies were categorized with high or acceptable quality, and they were selected for the final review. The RCTs included were highly heterogeneous: They varied in the type of interventions, type of jobs, and outcome measures.
The conclusion of this systematic review is that the use of physical activity and/or the integrated health care at the workplace can decrease pain and symptoms for employees who experience chronic MSDs. Findings of these studies highlighted that the type of the exercise programme used, the way of delivery, and the regime may affect the outcome. An example providing supervised exercise and supplementary manuals for self-management, telephone calls for reinforcement, and face-to-face instructions with other supplements showed a positive influence on levels of pain, function, motivation, and lifestyle changes. The use of a specific strength exercise programme appeared to have better effects on pain and functional activity in comparison with other types of exercises, but all the exercise programmes at the workplace showed within-group improvements.
A few systematic reviews (Aas et al., 2011; Hoe et al., 2012; Mischke et al., 2013; Mulimani et al., 2014) have assessed the effects of workplace ergonomic training interventions or exercise interventions but focus only on the prevention of musculoskeletal conditions.
Similarly, peer-reviewed literature (Hoe et al., 2012; Menta et al., 2015; Nastasia, Coutu, & Tcaciuc, 2014) regarding workplace prevention of upper limb MSDs described a variety of interventions of which only a few showed effectiveness (e.g., resistance training, stretching, or forearm support). These results were inconclusive due to the inclusion of low-quality RCTs, poor internal validity, and lack of generalizability to the wider population. Levels of evidence for specific ergonomic interventions emerged also from another systematic review (Leyshon et al., 2010) for office workers with MSDs.
There was also poor evidence to suggest that self-management programmes are effective in improving pain and managing MSDs at the workplace, whereas in some studies, the improvement rate dropped after a year (Blangsted et al., 2008; Hutting et al., 2015; Jay et al., 2011) . On the other hand, the review found positive changes in pain perception and intensity in response to strength training. However, other type of interventions that could affect pain were not identified in the literature. As an example, cognitive behavioural therapy (CBT) has not been evaluated in a lot of RCTs, and results from some moderate quality studies do not show effectiveness when CBT is applied alone (Basler, Bertalanffy, Quint, Wilke, & Wolf, 2007; Jørgensen, Faber, Hansen, Holtermann, & Søgaard, 2011) . Nevertheless, the present review identified a number of studies that recorded improvements in pain levels and functional status following a structured and well-delivered exercise programme at the workplace among employees with chronic musculoskeletal pain. Four studies in the review used self-management strategies either as the primary intervention (Hutting et al., 2015) or as a control group (Andersen et al., 2008; Andersen et al., 2010; Baldwin et al., 2012) .
Self-management programmes can include leaflets, manuals, and elearning modules to prepare people to manage their health conditions or change their lifestyle. There were no significant differences in any of the selected outcomes between the groups, but a small improvement was found within the self-management group. Although selfmanagement strategies are cost effective (Haas et al., 2005) , there is still poor evidence on the effectiveness of these programmes for people with chronic MSDs (Nolte & Osborne, 2013) .
Sick leave was measured in some of the studies included (Baldwin et al., 2012; Shiri et al., 2011; Sundstrup et al., 2016) , but there were no significant differences after the completion or at follow-up. One possible explanation would be that the intensity or frequency of the interventions did not meet the level that would result in a positive effect on reducing sick leave. Another explanation could be that the population size was not big enough for a change or the fact that pain level in these studies was also very different in the beginning of each experiment. One study has shown that workers with higher aerobic capacity had a higher WAI score (p < 0.004) and thereby a decreased risk of having a sick leave episode (Strijk et al., 2011) . However, this was an observational study based on the fact that high levels of aerobic capacity are associated with a reduced incidence of chronic diseases and therefore might be associated with reduced sick leave (Kellett, Kellett, & Nordholm, 1991; Macedo, Oakley, Panayi, & Kirkham, 2009 ). On the other hand, one study found an important deterioration of the employees' WAI score results following ergonomic interventions at the workplace implemented by employers or managers and not by health professionals.
Their results question the role of employers and line managers in this process. Similarly, presenteeism was measured (Hutting et al., 2015) only in one study without showing important improvements in the decrease of this phenomenon.
Recent research has focused on the effectiveness of interventions in community and workplace settings to reduce sick leave and job loss among workers with MSDs (Palmer et al., 2012) . The current study has separated the workplace interventions found at individual, worksite, and service level from workplace ergonomic interventions and/or psychosocial risk assessments, control of the workplace risks, ergonomic changes to the work environment, and advice offered by employers. The results of this systematic review agree with the conclusions of previous systematic reviews (Maher, 2000; Palmer et al., 2015; Rw, Tuntland, Ka, Røe, & Labriola, 2010) and suggest that a physical activity programme and/or integrated care at the workplace can be effective in the management of chronic MSDs. In addition, the studies in this review showed clinically and significantly important differences in favour of some secondary outcomes for the workplace groups such as well-being, job satisfaction, desire to exercise, energy for family and friends, motivation to eat better, and socializing more with their colleagues.
| STUDY STRENGTHS AND LIMITATIONS
A rigorous systematic search of the literature from 2008 to March 2017 was used to examine study design, biases, outcome measures, and methods of analysis. Strengths of this review comprise the inclusion of high-quality RCTs that investigated workplace interventions for the management of chronic MSDs. Also, the review excluded studies before 2008 as previous systematic reviews showed that RCTs from the past decade cannot be used as supportive evidence due to low quality and poor external validity for their results to be generalized to the wider population. The likelihood of publication bias was not assessed, but several relevant peer-reviewed studies that reported no effects for important outcomes were also included in this review.
The association of pain with other factors (e.g., environmental, social, personal, and psychological) could have influenced the results of some studies about the change of the pain levels. Lastly, a meta-analysis was not performed because the studies demonstrated such heterogeneity:
Some characteristics like pain intensity, pain duration, occupation, or education at the entry level (Baldwin et al., 2012; Jakobsen et al., 2015; Jay et al., 2014) were so lacking in comparability that such an analysis would have been meaningless.
| CONCLUSION
There was some consistency in the results of the selected studies, suggesting that high-intensity strength exercises and/or integrated health care at the workplace may decrease pain and symptoms for employees who experience chronic MSDs. Exercise interventions reported in this review included specific muscle strengthening, kettlebell training, stretching, and all-round exercises. Clearly, there are other types of exercises, such as stabilization exercises, proprioceptive re-education, and coordination (e.g., Tai chi and yoga), which might be beneficial for chronic musculoskeletal pain, but their effectiveness at the workplace has not been evaluated. In addition, none of the studies included psychologically informed therapy or interventions (e.g., CBT, motivational interviewing, etc.) although the link between mental health, stress, anxiety, and MSDs is now recognized (Magnavita, Elovainio, de Nardis, Heponiemi, & Bergamaschi, 2011) . None of the studies in this review identified significant results for sick leave, presenteeism rates, and the use of a self-management programme alone, showing again the consistency of the findings. There is need for more research because the included studies showed variety in methodology, intervention, and population and were conducted in a variety of countries with different health systems (it is not clear if all employees have access to the same systems of support at the workplace). This can limit the generalizability of the results to countries like the United Kingdom where health care is usually provided outside the workplace. Lastly, further research needs to consider the study design carefully due to the complexity of the work environment and the biopsychosocial framework for health. The results of this literature review suggest the implementation of a multicomponent workplace intervention for the management of long-term MSDs. However, it is crucial to look at this complex topic with an all-inclusive approach considering the differences within the workforce as this will benefit both the stakeholders and the providers.
ACKNOWLEDGEMENT
Many thanks to Dr. Christine Carpenter for general supervision, advice, and guidance in this project. 
